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PERFORMANCE CHARACTERIZATION OF THE
CONVEX C-240 COMPUTER SYSTEM

by

REBECCA J. K(3SKELA, MARGARET L. SIMMONS,
and HARVEY J. WASSERMAN

ABSTRACT

This paper considers the sequential, vector, and parallel processing
performance of the Convex C-240 computer system. A set of well-
characterizcd Fortran benchmarks ihat have been run on a wide variety of
computer systems was used for !he study. The data from the C-240 are
compared with those obtained on a CRAY X-MP system as well as with
the Multiflow Trace-14/300 system The results suggest that the C-240
system is very nearly capable of providing throughput power equivalent to
that of the CRAY X-MP/14 we tested.

1. Introduction

Werecentlyreporteda comprehensiveperformanceevaluationof threecomputersystcmsthathavecometo bc
known as minisupercomputers.1 A mt m a cI ew the ConvexC-1/XP,a sing!c-Proces$or
inachinewitha clockcycleof 100nanoseconds(ns). In thispaperwc char~c[crizcthe performanceof a four-
processor successor to the C-1/XP, the Convex C-240. The evaluation considers the single-processor
performancein a dedicatedenvironmcmas WCIIas twoaspectsof the concurrentnatureof the C-240. Of the
manufacturersmentionedinouroriginalpaper,Convexis theonlytoproducea wcond-generationmachine.

Our interestin benchmarkingcomputersystemsextendsbackmanyyears.2-7 ThecmphasishasIargdybeenon
supcrcomputcrarchitecturesbecauseof thechallengepresentedby theheterogeneousnatureof thesemachines.
Supercomputcrsmaybe describedas machineswhosehardwareconsis~ofcertainadvancedarchitecm.raifeatures
implementedwith state-of-tne-artdcvicc technology.1 The architecturalfeature that most dis[inguishcs
supercomputcrsis parallciism,bothin the CPU(examplesare mti!tiplcCPUS;vectorprocessors;chaining;and
multiple,independent,pipclincdfunctionalunits) and in the mcmory (examplesarc multiplybanked main
mcmory,localmemory,vectorregisters,andsolid-stateexternalstorugcdcviccs).Supercomputcrhardwaremust
alsobeaccompaniedbysoftware,particularlya compiler,thatcanextractparallelismfroma programandmakeit
availableto theMrdwarc.

The Convexcomputers,and other machinesIikc them,arc also of interestto us bccausctheir archhccturcs
containmanyof the same featuresthat contibutc to supercomputcrperformance. Thus, wc Jcfinc t$c term
minisupercomputer to mean machineswhosearchitecturesfeaturemany, if not all, of [hccharactcri:[icsof
supercomp~tcrs,butwhosedevicetechnologyuseslessexpmsivcandmorereadilyavailablecumponcnts.* Note
that these definitionsof supe.-compuferand minisupercomputer are indcpendemof systcmprice, observed
performance,andexpeetcduserclassor “marketniche.”

Thisbenchmarkof theConvexC-240usedtheLosAlamosBenchmarkset thatconsistsof thirteenFortranCO(ICS
representativeof theworkloadof theI.a&,ratory.Thesecedeshavebeendescribedclsewhcrc.2In addition,wc



ran fourcodesthat havebeenexplicitlypartitionedfor paraNelprocessing. A rcccntpublicationhas appeared
describingin detailtheparallelperformanceof theC-240on twoof ourcodes.g

2. C-240 Overview

A detaileddescriptionof the ConvexC-240.architccturemay be foundelsewhere.g A C-240consistsof four
processorsconneztedto a maximumof 1024Mbytesof complementarymwd oxidesemiconductor(CMOS)
memory.Our benchmarkwasof a machinewith512 Mbytesinterleaved32 ways. Memoryis implementedon
120-nsdynamicRAM(DRAM)chips. The clockcycleof the machineis 40 ns. The vutor functionalunits,
however,havea cycletimeof 80 ns,butbecausethereare twopipes,theeffectivetimeper resxdtcan bc 40 ns.
1hereisa 4-kbytescalardatacacheas wellasan 8-kbytcinstructioncache.

The softwarewe usedincludedthe ConvexUNIXOS (4.3BSD)Version7.0, the ConvexFortrancompiler,fc
5.0,andassociatedsupportlibraries.TheConvexFortrancompilerattemptsto automaticallyparallclizecodeat
theDO-looplevelif therearenodependencebetweeniterationsof theloopinquestion.Aswithanyvectorizing
compiler,the first attemptis to vcctorizeinner loopsand then parallelizeouter loops, interchangingIcops if
ncccssaryforbestperformance.Therearc manycommand-lineoptionsto assist thecompilerin its attemptsto
bothvcctonzeandpasallelizecode. In addition,thereare inlincdirectivesto furtherassistoptimizationduring
compilation.

3. Results

3.1 Single-ProcessorIests

Table 1 showstheresultsof the single-processortests. TheC-240timesshowconsiderableimprovementover
the C-1/XPtimesof our last bcnchmark,lrangingfromabouttwiceas fast to almostsix timesas fast. TheC-
l/XP had basicallythe same architwtureas the C-240with a slowerclockperiod. Improvcmcntsin Convex
softwareprobablyaccountfor mostof theC-240’Sperforrn~ce improvementabovewhat the decreasedclock
cyclewouldprovide.

Again,these are single-processortimesfor the Convex. Whenwe used the compileroption that dircc[sLhc
compilerto attemptparallelization,onlyWAVEshowedany improvementin runtimc. The four-processortime
for WAVEwas323.0seconds.Thisspeedupr~ul~ fromconcumentvcctor(CV)computationin whichdiffcrcrr[
iterationsof vectorizableloopsarecomputedondifferentCPUSin parallel.

There are two possiblereasonswhy the other codes did not improvewith the compileroptionallowingCV
computation.One is that it is difficultfor thecompilerto discoverthe parallelismpresentbecauseof the way
thecoda are structured.Subroutineand functioncallsin theloopsare oftentheculpritsin thisregard. Another
reasonis that, for a givenloop,CV computationreducesthe vectorlengththat the hardwareexcculcs,and the
relativelyshort loop lengths in our codes mean inefficientuse of the vector hardware. The C-240 has a
maximumvectorregisterlengthof 128elements. In WAVE,thepredominantvectorlengthis 256,whereasin
the other co&s the vector length does not exceed 100. Both of these factors-the difficulty in extracting
parallelismand theshorterhardwarevectorlengthsresultingfromCVcomputation-were alsofoundin another
parallelminisupercomputerwebenchmarked,theAlliantFXsystem.l



I Table 1. Comparison of Single-Processor Benchmark Execution Times(a)

I Convex Convex CRA Y Ratio: Mul(iflow
C-lIXP C-240 X-MP114 C-240I Troce-1413iX1

I c’o& Time Time Time X-MP Time

FFT
GAMTEB
SCALGAM
PHOTON
LSS
MATRIX
NW-MC
HYDRO
WAVE
ESN
‘.’GAM~)
MCNP(c)

97.0
61.0

446.4

65.0
529.0
83.0

298.2

14.7
10.7

242,1
338.2
23.5

140.0
31.1
74.6

410.2
41.9
4.4

2525.9

3.7
5.6

82.7
120.3

6,3
34.9
13.0
24.7
169.9
17.2
1.6

940.5

4.0
1.9
2.9
2.8
3.7
3.8
2.4
3.0
2.4
2.4
2.8
2.7

17.5
12.1

403.5
553.5
20.7

259.0
26.8

206.7
816.0
56.7
16.4

.

(a) Timesarc insuonds.
0) 40,000sourccparticIcs
(c) fjo~ sourceparticles.

For comparison,we haveincludedin Table 1 benchmarktimes froma CRAYX-MP/14,whichwas the only
CrayResearchcomputeral the LaboratoryrunningUNICOSat the timethisstudywas carriedout. (This is a
9.5-nsmachinerunningCF1773.0.2.) A singleprocessorof theC-240providesbetweenone-quarterandonc-
half the performanceof t~issingle-processorX-MPon all of our benchmarkcodes. However,therearc three
codesin thebenchmarksuitethatmorecloselyresembleproductioncodesat theLaboratory,andwctendIOplace
morecmphasison theirperformance.Theyarc HYDRO(ratioC-240/X-MP= 3.0),WAVE(2.4),and MCNP
(2.7).

It is importantto notetheeffectof thecompilerson HYDRO. WithCm 1.16,the timesfor the X-MP/14and
the(single-proecssor)C-240arc nearlyequal. Thisis becauseof severalcriticalloopsthatdo not vectorizcwi[h
Cm 1.16but do vectonzeusingbothCF177and theConvexC-240compiler. Mostof the loopsarc rcla[ivcly
large(ontheorderof 50sta:cmcnts)andcontainmanyconditionals.10

Note[hatthe ratioof theclockcycleof theX-MPto thatof theC-240is about4.2. On all of our benchmz.rks,
[hcperformanceof theC-240relativeto theX-MPis betterthanone wouldexpectbasedon onlytheclockralio.
Al[houghnot shownin Table 1,we havecalculatedtheratiosof the single-proecssorC-240timesto the times
froma singleproecssorof the CRAYY-MP/864(SerialNumber1010,runningUNICOSandC~77 3.0). Wc
computedtheseratiosto showtheperformancethata singleC-240proecssorprovidesrelativeto thefullrangeof
Crayprocessors.TheC-240-to-Y-MPratios(again,bothsingle-prwcssor)arcroughlyin therange3-7; herethe
ratioof theCPUclocksis 6,7.

Table1alsolistsexecutiontimesforanotherminisupercomputcrwcbenchmarkedrcccntly,theMultiflowTracc-
14/300.11 TheTraceisa VLIW(verylonginstructionword)machinewitha 130-nscycletime. Comparingthe
cxcxutiontimesfor theTraceand theC-240,wcsec thattie Multiflowrunsfasterin twocases. Oncof theseis
INTMC,a benchmarkwithintegercomputationonly. We’lldiscussthe otherof these,LSS, in a moment. Wc
also see that the performanceof the two machinesis C1OSCSCon F17, GAMTEB,SCALGAM/PHOTON,and
ESN. All thesecodesare scalarexceptforFIT, whichinvolvesshortvectorlengths(in therange2-64). Vec[or
lcnglhsin thisrangeareespeciallyshortfor theC-240. Theratiosof cxeeutiontimesfor thesefourcodeson [hc
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two minisupercomputersare in the range 1.1-1.7. On the vectorcodes in the benchmarksuite, however,the
performancegapbetweenthetwomachineswidensfurther(ratiosin Parcnthcsesj:HYDRO(2.8),WAVE(2.5),
MATRIX(1.8),and VGAM (3.7). The only exceptionis LSS,theone codeon whichthe MuItiftowperforms
betterthanthe Convex. On LSS, the MultiftowinlinesSAXPYand unrollsth. SAXPYloop 10a largedepth,
We tried to inlineS.4XPYon the Coc:cx, but the compilerrefusedto do the in!inebecauseof the adjustable
arrays in SAXPY. Curiously,compilingLSS for vectorconcurrentmodeon the C-240 failed to yieldntorc
encouragingresults,possiblyas a resultof theshortvectorlengthsthatcccur in SAXPY.

3.2Basic VectorO~rarions

Rates,in miIlionsof floating-pointoperationsper second(MFLOPS),for simplevectoroperationson a sinzic
processorof theC-240 areshownin Table2. As is wellknown,thesetestsmeasurethe timeto do one million
vectoroperations. l%e one millionoperationsare distributedin two loops: an inner loop that runs over tnc
vectorlengthof interestandan outerloopthatjust repeatsthe innerloopenoughtimesto geta measurabletime.
Somecompilersrealizethat thereis redundantworkinvolvedin thesetwo loopsandoptimizethemin various
waysthatdefeatthepurposeof thetests. TheConvexcompileris a case in point.

Table 2. Convex C-240 (Single Processor) Rates (in MFLOPS) for
Selected Vector Operations as a Function of Vector Length

Optrahon 10 50 100 200 IWO

V 4 9 11 11 12
V=V+S(i=lJI,23) 2 9 11 11 11
V=V+S(i=l,n,8) 2 6 6 6 6
V=V*V 3 7 7 8. 8
V=v+sv 6 13 15 15 15
V=v”v+v”v 6 13 14 14 14

The rates that we first observedfor these tests we.- roughlytwice t.h,oseshownin Table2. However,some
inconsistenciesin thedatapromptedus to lookat Wecodethecompilergeneratedfora sampleloop. Indoingso
wefoundthatthecompilerhadpformed a “hoistandsink”optimizationin whichit generateda loadforoneset
of vectoroperands,i!eratcdon only the fkmog point instruction,and then did a singlestore. This panicular
typeof op’mization,which was al<’>seen in the FujitsuVP-200benchmark,12is more insidiousthan o[hcr
optimization that subvert this benchmark. other ontimizalions,such as those performedby Cray CFT77,
simplyremoveall instructionsfrom the loops. This is easy COspot even thoughthe code doesn’tcheckthe
answers,becausetheobservedratesareunreasonablylarge(- gigaFLOPSrange). Theobsemxlratesfor theC-
240, on the other hand, were reason~!e. This demortstratesthe increasingsophisticationof optimizing
compilersandtheneedtovalidaterhatthe intentof certainbenchmarksis beingmaintained.

?%esolutionto the hoistingproblemon the C-240 was to add a subroutinecall using the vectoroperandsas
argumentsin theOUICTloop. Theoverheadfor thesubroutinecallwasthensubrsactcdfromtheobservedtimefor
eachoperation,wd thercsuhsareshownin TMc 2.

TheC-240,Iike its predecessor,has only a singleport to memory. The effectof this can be seen in Table2.
Forexample,theCRAYY-h@,withtworeadportsandonewriteport,can fullysupportthebandwidthrequired
for the(oneread,onewritc~operationV = V + S. Assuch,theY-h@performsat about90%of itspeakrateon
this operation. The C-240,however,really has only one-halfthe bandwidthrequiredfor V = V + S, and wc
observea rate (at vectorlength 1000)of abouthalf the pe+ikrate for thisopxation. Of course,the numberof
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portsto mcmoryis only one of manyfca[urcs[hatcontribu[cto pcrforrnancc.Forexample,[heCRAY-2also
hasoneport. A singleprocessorof theCRAY-2Sachievesabout35%of its peakrateon thisoperation,bccausc
the memoryis relativelyS1OWin comparisonwith tic CPUspeed.13 The bandwidthpcr port on the C-240is
about200Mbytesper.sccond.

Tineobserved decrease in me between the operationsY = V + Sand V= V * V isalso due to the singk!port.

ThetimedaLlas a functionof vectorlengthforc~;h operationmaybe least-squaresfit usinga threeparameter
model that gives the vecto: starIup t Imr, tic Iime per result, and the “suipminc”rime which is lhc lime m
relendthe vectorregistersaftereach128-clcmcntvcclorhasbeenprocessed.A plotof timeperclementvs vcc[or
lcng[h,showingboth the experimentaldata (as Xs) and the least-squaresfit for the @pcralionV = V + S, is
shownin Figure 1. The fit yieldsa timeper i of nearly80 ns. In ocherwords,on average,theC-240can
returna result only every two clock> ahhou~hit can overlapthe tcctor load wi[h lhc multiply, it must wai[
until the losdis finishedbeforedoingthestore,bccauscthereis onlyoneport-

WCalsomeasuredtheratesforsimplevector operationsas a functionof vcclorkng[handvectorstrideforstrides
2,4,8,23, and49. At vectorlength1000onlystride8 (thirdentryinTable2) showsan appreciabledcgrada[ion
in rate(about50%of thecontiguouscase). Becausethememoryis interleaved32ways,witi stride8 weaccess
onlyfouruniquebanks. Theotherstridesshowsmalldegradationsat shortervectorlengthsbecauseofadditional
startuptime.

4“0’-5~—

Figure 1.

—

3.00e-5

2.00e-5

.00e-5

0.00e+O m
I I I I I

o 200 300 400 500
Vector Length

Least-squaresfit of timedata vs vectorlengthfor the operationV = V + S on the ConvexC-
240. Experimentaldataare indicatedby Xs. Parametersderivedfromthefit are startuptime=
1922.0ns, elementtime= 78.1ns, andstripminetime= 841.4ns.



4. Multiprocessi~g

In a went CRAYY-MPbenchmark14we consideredmultiprocessingperformancein twodifferentways. The
fust wasto useseveralbenchmarkcodesexplicitlycodedformultitaskingandmeasurethedecreasein mm-around
timefora singlejob, The secondwaywasto measurethedegradation in processingrate thatoccurredwhena
codewas timedwhilea specific“load”ran in theotherprocessors.Thissecondtest is designedtoestimatehow
benchmarkswillperformundermorerealisticuserconditionsas opposedto thededicatedrunsdescribedabove.
Note,however,thatthesedataareoftenindicationsof worst-casebehavior.

Wedecidedto carryout bothof thesetypesof testson the ConvexC-240. Wediscussthe multitaskingresul[s
first.

4.1 Multitasking

Elapsed(wallclock)timesfor fourparallelbenchmarksare listedin Table3. A plotof speedupfor thecodesis
shownin Figure2. The speedup,S, forn processors,is givenby

S = ?’(serial)I T(n) ,

where T representstime. The parallelcode HYDROis not listed in the table becausethe Convexparallel
processingsystemdoesnot includeeventsynchronization,whichiscurrentlyheavilyusedby HYDRO.

Table 3. Execution Times (seconds) Using Mu!tiple Processors on
the Convex C-240

C OSerial Time I Proc. 2 Proc. 3 Proc. 4 Proc.

ESN 42.0 45.6 24.8 18.2 14.1
GAMTEB 10.7 14.5 14.6 7.7 5.5
SCA.LGAM 242.1 377.3 187.7 :26.1 96.0
MCNP 2393.6 2525.9 1212.9 813.1 660.8

ParaNelprocessingon theConvexC-240is intendedto be automaticallyhandledby thecompiler. However,the
fourcodesshownin Table3 wereexplicitlypartitionedto run in parallel. Thisapproach,plus the useof some
directives,was necessaryfor the compilerto recognizethe parallelismin thecodes. This typeof rcswcturing
hasbeennecessaryonall mdtiprocessorsonwhichwehaverun.

The speedupson the four-processorC-240rangefrom 1.9Son GAMTEBto 3.6 on MCNP. The specdupon
MCNPcomparesfavorablywiththemeasuredspeedupof 3.65on theCRAYX-MP/416.13

It is difficultto exptainwhyspeedupson theothercodesarc notas largeas wc mightexpect. Weknowthatthe
granularityof t!!e tasks in GAMTEBand SCALGAMis smaller than that of MCNP,despite the overall
similarityin the algorithms(MonteCarlo particletransport). Notice that the overheadfor multiprocessing,
whichis estimatedby takingthe ratioof theone-processortimeto the sequentialtime, is largeon SCALGAM
andGAMTEB. For MCIWit is in linewithwhat it is on the CRAY-2 andCRAYX-MP/416.The smalltask
granularityinGAMTEBahaccounts for theone-procesorandtwo-processortimesbeingthesame. GAMTEB
containsa loopthatspawnsNPROC– 1processes,whereIUPROCis thenumberof processors.The maincode
thenrunsthemultitaskedroutineas well. WhenNPROCis two,themaincodeprocessesall particlesbeforethe
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childtaskevenstarts. II is notat all cktr, however,whytheoverheadassociatedwithSCALGAMis so Iargcor
why the parallelefficiencyof ESN, which involvesno explicitsynchronization,is only 75%. The parallel
benchmarkcodesarcstillin thedevelopmentstage,however,andweplantoproducea morerobustsetsoon.

3-

2-

1-

o 1
I I I 1 I 1
0 1 2 3 4 5

# processors

Figure2. Multiprocessingspcedupasa functionofproccssingpoweron theConvexC-240.

4.2 Memory ContentionStudies

Wc now considerthe performanceof somebenchmarksunderloadedconditionsto test the effect of mcmory
conflicts.Tables4a4e showtheresultsof thesetests. Eachtablelistsdatafora specif~ “probe”code,whichis
whatwastirncd. In Tables4a-4d, theprobesare simplevectoroperations,eitherV = V + S or V = V + S * V
(SAXpY),forwhichwcm~ared~e ~tc in ~~ps. Theprobcsweremeasure.datvectorlength1~.

Table 4a. Performance of V = V + S in MFLOPS under Various Loads
Numberof ProcessorsRunningthebad Code

L a l d c1 2 3
V=v+s 12.0 11.5 11.0 10.5
v = k“+ s● v ? 21 11.0 10.5

Tabie 4b. Performance of V = V + S ● V in MFLOPS under Various Loads
Numberof ProcessorsRunnin~theLoad Code

L Oc oNone 1 2 3
V=v + 1 51 15.0 14.0
V= V+S*V 15.0 15.0 15.0 15.0
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Table 4c. Performance of V = V + S in MFLOPS under a Strided Load

Numberof f%ocessorsRunningtheLoad Code

L a 7 d c1 2 3
V = V + S (stride8) 12.0 5.5 3.2 2.8

Table 4d. Performance of V = V + S ● V in MFLOPS under a Strided Load —

Numberof ProcessorsRunningtheLoad Code
L4nldcod? None 1 2 3
V = V + S (stride8) 15.0 7.3 4.6 3.6

TabIe 4e. Execution Time for HYDRO (seconds) while Running HYDRO as Load
Numberof ProcessorsRunnin+.theLoad Code

L4?adc None 1 2 3
HYDRG 74.6 79.5 85.9 92.6

Fortheseoperationsthe “load”codes,thecodesrunningin thepr~cssors besidestheoncon whichtheprobeis
running,are also simplevectoroperations:eitherV = V + S at stsidc1,V = V + S ● V a stride 1,or V = V +
S astride8, againall ar vectorlength1000.

Thedatashowthatnoappreciabledegradationin rateoccursforeitherprobeoperationwhenthe loadoperation
acccsscsmcmorycrxdiguousIy.This is not whatwasobservedon the CRAYX-MP/416,where, for example,
fourcopiesof SAXPYranat about70%efficiency.15WebelievetheC-240showsICSSdegradationthantheX-
MP for the folIowingreason: The mcmorybottleneckoccursat the proecssorICVCI,not at the bank Icvcl,
bausc thereis onlya singleportto mcmory.Thatis, therecanbeat mostfourmcmoryrcfcrcnccsrequestinga
bank on the C-240, while there can be at most twelveon the X-MP. Howcvcr,becauseof bank conflicts
associatedwithstride-8references,bothSAXPYand V = V + S probesshowenormousdegradationson theC-
240whentk loadc o duscstrideg.

Becauseboththe probesand loadsin thesetestsarc small,tightloopsthatconstantlyaccessrncmoryin a very
rcgu!arpattern,theyarcprobablyworst-easees[ima[csof multi-CPUmcmorycontentioneffects.

Wcalso measuredthe timesfora fullapplicationbenchmarkwhenseveralcopiesof [hcsamebenchmarkwere
running.As showninTable4e, HYDROrunsat about80%efficiencyundera four-proecssorload(cfficicncy=
limewi(h no load/ time with multiplecopies). On the X-MP/416,the HYDROefficiencyunderfull load is
stillabut 9490.16

5. Softwore

We wouldlike to makespceialmentionof a softwaretoolwe usedbrieflywhileat Convex. The tool is S
and it waswrittenby RonGrayof Convex,althoughit is notofficiallyreleasedas a Convexproduct. SPY is o
runtimeprofilingtool that instrumentsthe code to be profiledat comp]!etime. Followingexecution,SPY
producesa listingthat contains,amongother things,vectorloop lengths(at Ihccode ICVCI,not the hardware



level),MFLOPrates foreach loop,countsfor variouskindsof instructions,and register-spillinforrna[ion.WC
arenotawareof anyproductsat LosAlamosNationalLaboratorythatprovidethis informationat he loopIcvcl.
Most interestingly,SPY also works for codes that run in vectorconcurrentmode, in whichcase it lists the
distributionof logicalCPU threadtimes,showingboth wallclockand CPUtimes. Again,this informationis
given at the loop leveL While we did not have enough time to really make usc of SPY to improveour
benchmarktimes,wefeel thatit wouldbea welcometoolto anyof ourexistingoptimizationworkbenches.The
useofSPYis describedmorecompletelyinReference8.

6. Summary

We foundthaton our HYDRObenchmark,a codethat is repre.sentativeof a largeclassof codes in use at the
Laboratory,a singleC-240processorran at aboutone-thirdthe speedof the C?AY X-MP/14processor. This
suggests that, because the C-240 is a four-processormachine, the C-240 system is about equivalent in
throughputpower to the CRAY X-MP/14system. This conclusiontakes into account the degradationin
runtimeweobsened whiletimesharingfourHYDRC)runson the four-processorConvex. Of course,theactual
“time-to-solution”is the critical factor in many situations, in which case the X-MP/14has a significant
advantage.Also,notethatwe havechosentheX-MP/14forcomparisonbecauseit wastheonlyUNICOSCray
at Los AlrtmosNationalIxtboratoryat the timethissmdywas carriedout. However,the X-MP/14is a mcmber
of an oldergenerationof Cray machines;it doesnot, for example,possessscatter/gatherhardware(whilethe
ConvexC-240 does). HYDROruns about 35% faster on a 9.5-ns CRAYX-MP with scatter/gather(under
CTSS).

Convexhastakenan evolutionarypathin the design of itssecond-generationmachine.Therewasmuchmoreof
anarchitectwzddifferencebetweentheCRAY-1andCRAYX-MP,forexample.However,thedifferenceinclock
speedbetweenthe C-1 and C-240is muchgreaterthan the clock-speeddifferencebe[ween[he CRAY-I and
CRAYX-MP. This,of course,is becauseCrayspushthe limitsof chipandpackagingtechnologyand,in doing
so,aremorelimitedin theadvancestheycanmakeinprocessorspeedinanyonegeneration.Thereis lessroom
to maneuverbetweenfournanosecondsand,say,onenanosecondthanthereis betweenfortynanosecondsandonc
nanosecond.Thissuggeststheminisupcomputers as a groupwill,for the foreseeablefuture,continueto make
stronggainsinclocksped relativeto supercomputers.
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